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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The piezoelectric device to which sapphire is used as a substrate and 
the value of the c-axis stacking tendency (sigmaZnO) of a zinc-oxide thin film is 
characterized by being 0 degree<sigmaZnO<=2.5 degree in the piezoelectric device 
which has the up electrode formed on the lower electrode formed on the 
substrate, the zinc-oxide thin film formed on this lower electrode layer, and this 
zinc-oxide thin film. 

[Claim 2] The piezoelectric device of claim 1 whose value of the c-axis stacking 
tendency (sigmaZnO) of a zinc-oxide thin film is 0 degree<sigmaZnO<-1 .5 degree. 
[Claim 3] The piezoelectric device of claim 1 whose value of the c-axis stacking 
tendency (sigmaAu) of this Au thin film a lower electrode consists of a golden (Au) 
thin film, and is 0 degree<sigmaAu<=4.5 degree. 

[Claim 4] The piezoelectric device of claim 1 whose value of the c-axis stacking 
tendency (sigmaAu) of Au thin film is 0 degree<sigmaAu< :::: 2.2 degree. 
[Claim 5] The piezoelectric device of claim 1 whose value of the c-axis stacking 
tendency (sigmaAu) of Au thin film it is used as a probe for ultrasonic 
nondestructive inspection for searching the front face of analyte, the value of the 
c-axis stacking tendency (sigmaZnO) of a zinc-oxide thin film is 0 
degree<sigmaZnO<=2.5 degree, and is 0 degree<sigmaAu<=4.5 degree. 
[Claim 6] The piezoelectric device of claim 1 whose value of the c-axis stacking 
tendency (sigmaAu) of Au thin film it is used as a probe for ultrasonic 
nondestructive inspection for searching the interior of analyte, the value of the c- 
axis stacking tendency (sigmaZnO) of a zinc-oxide thin film is 0 
degree<sigmaZnO<=1.5 degree, and is 0 degree<sigmaAu<= : 2.2 degree. 
[Claim 7] In the manufacture approach of the piezoelectric device which consists 
of forming a lower electrode on a substrate, forming a zinc-oxide thin film on this 
electrode, and forming an up electrode on a zinc-oxide thin film further Use 
sapphire as a substrate ingredient and optical polish of the lower electrode forming 
face of this silicon on sapphire is carried out. The manufacture approach of the 
piezoelectric device characterized by forming a lower electrode in this optical 
polished surface, generating a zinc-oxide thin film by the RF magnetron sputtering 
method, and making the value of the c-axis stacking tendency (sigmaZnO) of a 
zinc-oxide thin film into 0 degree<sigmaZnO<=2.5 degree. 

[Claim 8] The manufacture approach of the piezoelectric device of claim 7 which 
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makes the value of the c-axis stacking tendency (sigmaZnO) of a zinc-oxide thin 
film 0 degree<sigmaZnO<=1.5 degree. 

[Claim 9] The manufacture approach of the piezoelectric device of claim 7 which 
forms a golden thin film and makes the value of the c~axis stacking tendency 
(sigmaAu) of this Au thin film 0 degree<sigmaAu<=4.5 degree by making the optical 
polish front face of a substrate vapor-deposit gold (Au) with electron beam 
vacuum deposition. 

[Claim 10] The manufacture approach of the piezoelectric device of claim 9 which 
makes the value of the c-axis stacking tendency (sigmaAu) of Au thin film 0 
degree^igmaAuC^^ degree. 

[Claim 11] The manufacture approach of the piezoelectric device of claim 7 that it 
is used as a probe for ultrasonic nondestructive inspection for searching the front 
face of analyte, the value of the c-axis stacking tendency (sigmaZnO) of a zinc- 
oxide thin film is 0 degree^igmaZnCK^.S degree, and the value of the c-axis 
stacking tendency (sigmaAu) of Au thin film is 0 degree<sigmaAu<=4.5 degree. 
[Claim 1 2] The manufacture approach of the piezoelectric device of claim 7 that it 
is used as a probe for ultrasonic nondestructive inspection for searching the 
interior of analyte, the value of the c-axis stacking tendency (sigmaZnO) of a zinc- 
oxide thin film is 0 degree<sigmaZnO<=1.5 degree, and the value of the c-axis 
stacking tendency (sigmaAu) of Au thin film is 0 degree<sigmaAu<=2.2 degree. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a piezoelectric device. It is related 
with the relation between the crystallinity of the piezoelectric device especially 
using a zinc-oxide (ZnO) thin film, and sensibility. 
[0002] 

[Description of the Prior Art] The piezoelectric device which has the up electrode 
made from a metal (for example, Au) formed on the golden (Au) electrode layer 
formed on the substrate, the zinc-oxide thin film formed on this golden electrode 
layer, and this zinc-oxide thin film is widely used as an ultrasonic probe of the 
sensor part for observing the interior of an ingredient by un-destroying. 
[0003] By impressing an electrical potential difference to an electrode, the zinc 
oxide made into sandwich structure with the up-and-down electrode can emit a 
supersonic wave for distorted deformation to the interior of a lifting and a 
substrate, and changes an electrical signal into a supersonic -wave. Moreover, a 
zinc-oxide thin film receives a supersonic wave, and when distortion deformation 
arises, the difference of an electrical potential difference arises between two 
electrodes, and it becomes possible to change an ultrasonic signal into electrical 
energy. 

[0004] An example of the nondestructive inspection equipment which uses such an 
ultrasonic probe is shown in drawing 8 . In drawing 8 , a sign 80 shows an ultrasonic 
probe and 81 shows analyte. The ultrasonic probe 80 is held at the movable stage 
83 and 83' at the direction of X, the direction of Y, and the Z direction, and analyte 
81 is arranged in the tank 82. The end of the ultrasonic probe 80 is connected to 
conversion-to-signals equipment 84 by the suitable transmission medium (for 
example, lead wire or an optical fiber). The equipment shown in drawing 8 is used 
for the purpose which photographs the image for example, inside analyte. the 
ultrasonic probe 80 or analyte 81 — a scanner — two-dimensional (xy, xz, yz) a 
mechanical scanning — carrying out — one ultrasonic probe or transmission and 
reception — separately, using two ultrasonic probes, A/D conversion of the 
reflected wave and transmitted wave from the interior of analyte is carried out, and 
image display is performed by the brightness of the image according to the signal 
strength. 

[0005] Since it is having hexagonal Ur Die Zeit ore structure and-izing can be 
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carried out [ having a good piezo-electric property (the electromechanical coupling 
coefficient of bulk = 0.3), and / thin film ] in the direction of a c-axis [0001] 
comparatively simply as shown in drawing 9 , the crystal structure of a zinc oxide 
(ZnO) is used as a piezoelectric device or a surface acoustic wave filter (SAW 
device). 

[0006] The frequency of the supersonic wave emitted from a piezoelectric device 
is decided by thickness resonance of a piezoelectric device. Since the 
piezoelectric device which consists of this zinc oxide can be formed also according 
to a thin film process, it is used in the field (RF field about 100MHz or more) where 
thickness is thin. 

[0007] The thin film of a zinc oxide can be formed with vacuum evaporationo, a 
spatter, chemical vapor growth (CVD), etc. Here, the sintered zinc oxide is used as 
a sputtering target, and the manufacture approach of performing sputtering in Ar 
and the mixed-gas ambient atmosphere of oxygen is described. First, Au thin film 
used as a lower electrode is formed with vacuum deposition on substrates, such as 
glass. 

[0008] At this time, in order to carry out C shaft orientation of the zinc-oxide thin 
film good, it is good to carry out [111] orientation of the Au thin film. Since this is 
equivalent to the unit lattice of the field (1 1 1) of Au in which the unit lattice of the 
field which is field bearing of a zinc-oxide thin film (0001) has the structure of a 
face-centered cubic lattice, it is that Au electrode previously formed on a 
substrate carries out [111] orientation, and is because C shaft orientation of the 
zinc oxide formed on it is promoted. On the zinc-oxide thin film formed by the 
spatter by desired thickness on Au electrode, Au electrode which turns into an up 
electrode further is formed of vacuum evaporationo. 

[0009] The piezoelectric device to which the standard deviation of a diffraction line 
rocking curve uses the thing of 3 or less times for JP,5~41080,B as a golden 
electrode layer (1 1 1) formed on the quartz-glass substrate is indicated. However, 
sufficient sensibility was not obtained even if it used the piezoelectric device of 
such a configuration. Although about 3% of sensibility is required of the equipment 
for observing the internal structure of an ingredient especially, this sensibility 
cannot be attained in the piezoelectric device of the structure indicated by JP,5- 
41080,B. 
[0010] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention 
is offering the piezoelectric device which has sensibility required for the internal 
flaw detection of an ingredient. 
[0011] 

[Means for Solving the Problem] In the piezoelectric device which has the up 
electrode formed on the lower electrode with which this invention was formed on 
the substrate in order to attain the above-mentioned purpose, the zinc-oxide thin 
film formed on this lower electrode layer, and this zinc-oxide thin film Sapphire is 
used as a substrate and the value of the standard deviation sigma of the rocking 
curve by the X-ray of a zinc oxide thin film is 0 degree<sigmaZnO<=2.5 degree. 
And/ Or the piezoelectric device to which the value of the standard deviation 
sigma of the rocking curve by the X-ray of the golden (Au) thin film which forms a 



http://www4jpdLncipi.gojp/cgi~bin/tran^web_cgi_eije 



2006/04/10 



JP,09-037392,A [DETAILED DESCRIPTION] 



3/8 s<—V> 



lower electrode is characterized by being within the limits of 0 
degree<sigmaAu<=4.5 degree is offered. 

[0012] Furthermore, this invention forms on a substrate the gold (Au) which is a 
lower electrode in predetermined thickness by electron beam (EB) vacuum 
evaporationo. In the manufacture approach of the piezoelectric device which 
consists of forming a zinc-oxide thin film by predetermined thickness by the RF 
magnetron sputtering method on this electrode, and forming an up electrode on a 
zinc oxide further Use sapphire as a substrate ingredient, carry out optical polish 
of the end face of silicon on sapphire, this sapphire end face that carried out 
optical polish is made to vapor-deposit the golden thin film of a lower electrode, 
and the manufacture approach of the piezoelectric device characterized by making 
a zinc-oxide thin film form on this golden thin film further is offered. 
[0013] 

[Embodiment of the Invention] A zinc oxide has piezoelectric [ high ] in the 
direction of a c-axis. When a zinc-oxide thin film is made to form by the spatter or 
vacuum evaporationo, it is difficult to form the film of the presentation near an 
ideal single crystal that it is usually easy to become polycrystaL In this case, if 
crystal growth is carried out on a substrate, crystallographies axis other than a c- 
axis will also grow, and dispersion is seen by the directivity of a c-axis. Then, the 
stacking tendency of a c-axis is raised by attaining optimization of a substrate 
ingredient and membrane formation conditions. Improvement in sensibility is 
expectable because a c-axis stacking tendency becomes good. 
[0014] Single crystal sapphire has the same crystal structure (refer to drawing 9 ) 
as a zinc oxide, and the field (1 1 1) of Au which is a lower electrode is equivalent to 
G side (0001) (field) of sapphire and a zinc oxide. Therefore, according to vacuum 
evaporationo conditions, in response to the effect of the crystal structure of 
silicon on sapphire, Au formed on sapphire becomes easy [ plane orientation 
(111)], and, occasionally also carries out epitaxial growth. The conventional quartz 
substrate has the advantage that processing is easy, to what processing cannot 
carry out silicon on sapphire to easily. However, in a quartz substrate, it grows up 
at random in the direction where Au and the zinc-oxide crystal which are formed in 
a substrate front face are parallel to a field. That is, a c-axis stacking tendency 
becomes a defect. Therefore, the zinc oxide with which the way which used silicon 
on sapphire rather than the quartz substrate is formed on Au lower electrode 
becomes possible [ carrying out good c-axis orientation ] under the effect of the 
stacking tendency of lower Au. 

[0015] What is necessary is to catch only reflection in an analyte front face, in 
order to search an analyte front face, when using the piezoelectric device of this 
invention with the probe for nondestructive inspection. That is, propagation loss is 
only an acoustic lens, the transmission loss between propagation media, and 
attenuation in a propagation medium. Therefore, the c-axis stacking tendency 
(sigmaZnO) of a zinc-oxide thin film should just be 0 degree<sigmaZnO<=2.5 
degree in this case. However, when searching the interior of analyte, the 
attenuation inside the transmission loss inside analyte, i.e., analyte, is very large. 
Therefore, the c-axis stacking tendency (sigmaZnO) of a zinc-oxide thin film must 
be 0 degree<sigmaZnO<=1.5 in this case. 
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[0016] In the case of the quartz substrate, the c~axis stacking tendency 
(sigmaZnO) of the zinc-oxide thin film formed on a substrate was about 2-3 
degrees. Therefore, if only surface inquiry of analyte becomes, it can fully respond 
also with a quartz substrate. However, sigmaZnO 1.5 degrees or less cannot be 
obtained in a quartz substrate. If it puts in another way, in the case of the probe 
using a quartz substrate, sensibility required for the inquiry inside analyte cannot 
be obtained. 

[001 7] Similarly, when searching an analyte front face, the c-axis stacking 
tendency (sigmaAu) of Au thin film should just be 0 degree<sigmaAu<-4.5 degree, 
but when searching the interior of analyte, the c-axis stacking tendency (sigmaAu) 
of Au thin film must be 0 degree<sigmaAu<-2.2 degree. 

[0018] The c-axis stacking tendency (sigmaZnO) of a zinc-oxide thin film is not 
necessarily influenced of the c-axis stacking tendency (sigmaAu) of Au thin film, 
therefore, when searching an analyte front face, 0 degree<sigmaZn0<=2.5 degree 
requirements are satisfied — sufficient — 0 degree<sigmaAu<=4.5 degree 
requirements do not need to be satisfied by coincidence. However, in order to 
obtain a good measurement result, both requirements are satisfied by coincidence 
and things are desirable. Similarly, when searching the interior of analyte, the c- 
axis stacking tendency (sigmaAu) of Au thin film does not need to be 0 
degree<sigmaAu<=2.2 degree that the c-axis stacking tendency (sigmaZnO) of a 
zinc-oxide thin film should just be 0 degree<sigmaZnO<=1 .5. However, in order to 
obtain the best measurement result, it is desirable to satisfy the requirements for 
both (0 degree<sigmaZnO<:=1.5 and 0 degree<sigmaAu<=2.2 degree) to 
coincidence. 

[0019] Especially the configuration and magnitude of a substrate are not limited. A 
suitable configuration and magnitude can be chosen according to the application of 
a piezoelectric device. Such selection can be carried out easily for this contractor. 
For example, when a piezoelectric device is used as a probe for ultrasonic 
nondestructive inspection, a diameter can make a substrate a cylindrical shape 
30mm or less. This substrate is used as an acoustic lens. If the diameter of a 
substrate is small, in case a zinc-oxide thin film will be formed, the film which has 
uniform thickness distribution over the whole substrate front face can be formed. 
[0020] The zinc-oxide thin film in the piezoelectric device of this invention is 
generated by the RF magnetron sputtering method. The RF magnetron sputtering 
method itself is well-known to this contractor. An example of the equipment used 
for enforcing this membrane formation approach is shown in drawing 2 R> 2. The 
target 26 is arranged in the chamber 21. The target 26 (for example, sintered zinc 
oxide (ZnO)) is held by the target holder 27. A substrate 1 is arranged in the upper 
part of a target so that face to face may be stood against this target 26. The 
substrate 1 is held by the substrate holder 28. A substrate 1 is heated by even 
predetermined temperature at a heater 20. In a chamber 21, controlled 
atmospheres, such as Ar and 02, are fed from the controlled atmosphere supply 
pipe 22, for example. Moreover, it can exhaust from a jet pipe 23 and the inside of 
a chamber 21 can be made into a predetermined degree of vacuum. 
[0021] In case membranes are formed, the mixed-gas ambient atmosphere of an 
argon (Ar) and oxygen (02) is formed in the chamber. Especially the mixed ratio of 
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an argon and oxygen is not limited. Although especially gas pressure is not limited, 
either, generally the gas pressure of 1.0-4.0 pascals (Pa) within the limits can be 
used. Within the limits of 1.5-3.0Pa is desirable. 

[0022] When heating a substrate 1 at a heater 20, a substrate can be heated even 
to the temperature within the limits of 100 degrees C - 500 degrees C. Whenever 
[ stoving temperature ] has desirable within the limits of 260 degrees C - 400 
degrees C. Since un-arranging — migration of sputtered particles cannot break out 
easily — will arise if whenever [ stoving temperature ] is too low, it is thermal 
stress and un-arranging — the film can be broken — will arise on the other hand if 
whenever [ stoving temperature ] is too high, it is not desirable. 
[0023] A heavy charged particle like Ar+ ion is irradiated at a ZnO target, and the 
ZnO particle which jumped out of the target with the impact is made to adhere to 
the substrate front face which counters in the mixed-gas ambient atmosphere of 
an argon and oxygen. Although especially the RF output to impress is not limited, 
generally it is within the limits of 100W-400W. Within the limits of 150-300W is 
desirable. Since un-arranging — a membrane formation rate will become slow too 
much if an output is too low — arises, and un-arranging [ of crystallinity 
deteriorating ] will arise on the other hand if an output is too high, it is not 
desirable. 

[0024] Although a membrane formation rate is changed according to spacing 
between a substrate and a target, generally the rate at the time of forming the 
zinc-oxide thin film in the piezoelectric device of this invention is within the limits 
of 0.5 - 2.5 micrometer/h. Within the limits of 0.8 - 2.0 micrometer/h is desirable. 
[0025] 

[Example] The example of concrete use of the piezoelectric device of this 
invention is shown in drawing 1 . Drawing 1 is the outline sectional view of the 
focal mold probe for ultrasonic nondestructive inspection. The crevice 5 which 
achieves a concave lens Mr. function is established in the field in which the up 
electrode 4 which consists of the silicon on sapphire 1 from which this probe 
serves as an acoustic lens fundamentally, the lower electrode 2 which consists of 
an Au thin film vapor-deposited by the flat surface of this silicon on sapphire, a 
zinc-oxide thin film 3 prepared on this lower electrode, and an Au thin film vapor- 
deposited by the top face of this zinc-oxide thin film 3, and the lower electrode 2 
were formed, and the field of the opposite side. The field in which the crevice 5 of 
this acoustic lens was established becomes the field side which touches anaiyte 
(not shown). The acoustic matching layer 6 is formed in the inside of a crevice 5. 
Needless to say, the piezoelectric device of this invention can be used also to the 
non-focal mold probe which does not have this crevice. 

[0026] Next, the manufacture approach of the focal mold probe of drawing 1 is 
explained. What carried out optical polish of the one end face of sapphire as a 
substrate-cum-an acoustic lens was used. The crevice was formed in the polished 
surface of sapphire, and the field of the opposite side. At this time, the lower 
electrode 2 was first formed in the end face by which optical polish was carried 
out with the vacuum deposition method. Electron beam (EB) vacuum evaporationo 
equipment in ordinary use was used for vacuum evaporationo. Substrate 
temperature was kept at 300 degrees C, and Au was vapor-deposited in thickness 
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of 150nm. 

[0027] The zinc~oxide thin film 3 was formed by the RF magnetron sputtering 
method on this Au thin film. The RF magnetron sputtering system as shown in 
drawing 2 was used, and the zinc-oxide thin film was formed in the ambient 
atmosphere (Ar(50%)+O2 (50%)) on condition that spacing of 8cm between the 
substrate temperature of 300 degrees C, 2Pa of gas pressure, RF output 200W, 
target material, and the lower electrode surface of a substrate, and evaporation 
rate 0.95 micrometer/h. Furthermore, the same EB vacuum evaporationo 
equipment as the above was used, and the chromium which serves as the up 
electrode 4 at a room temperature on this zinc-oxide thin film, and Au were vapor- 
deposited, respectively. In order to make size of the up electrode 4 into magnitude 
equivalent to the magnitude of the concave lens processed into the point of 
sapphire, it vapor-deposited by covering the zinc-oxide thin film 3 with the SUS 
mask with which the hole of predetermined magnitude opened. Furthermore, the 
acoustic matching layer 6 (Si02) was made to form in the inside of the crevice 5 
at the tip of sapphire by sputtering. By existence of an acoustic matching layer 6, 
the transparency effectiveness of the supersonic wave from the tip of sapphire 1 
to a propagation medium improves. 

[0028] Thickness of the zinc-oxide thin film 3 can be designed so that a frequency 
when a piezoelectric device carries out thickness resonance may turn into an 
actually used frequency according to the frequency made into the purpose. Since 
the acoustic impedance (44x106kg/cm2) of sapphire 1 is larger than the acoustic 
impedance (34x1 06kg/cm2) of a zinc oxide 3 when forming a piezoelectric device 
on sapphire 1 like this invention, a piezoelectric device carries out 1 / 4lambda 
(lambda is wavelength) resonance. For example, the thickness is set to x(l/4) 
(6400x106 / 50x106) =32micrometer to make a piezoelectric device with the 
frequency characteristics of 50MHz. When using it for a SAW device, an 
acoustooptics component, optical waveguide, etc., the thickness of the zinc oxide 
thin film in the case of using it with a probe, although the thickness of a zinc oxide 
thin film is usually 1 micrometer or less is the thickness according to the 
frequency. The thickness of Au thin film of a lower electrode is about 0.1 5 
micrometers. 

[0029] When using a quartz as a substrate ingredient, since quartzes are 1 / 
2lambda resonance, twice as many thickness as the thickness of the zinc-oxide 
thin film formed on silicon on sapphire is needed. However, if thickness becomes 
thick, thickness distribution will become an ununiformity and will cause a poor 
product. Consequently, the yield of a product worsens in a quartz substrate. 
[0030] It depends for the sensibility of a piezoelectric device on the crystallinity of 
the formed piezoelectric device. Therefore, the sensibility of a piezoelectric device 
can be determined by investigating the crystallinity of a zinc oxide, and a stacking 
tendency with X-ray diffractometer. By diffraction line measurement the include 
angle in which the c-axis of a zinc oxide 3 appears is measured, where incidence of 
the X-ray is carried out at this include angle, an include angle is made to scan only 
a sample and a rocking curve is measured. Since the lattice constant of the c-axis 
of a zinc oxide is about 2.5A, the peak value in an X diffraction appears near about 
34 degree. 
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[0031] The situation of the diffraction line after zinc-oxide formation is shown in 
drawing 3 . The diffraction line peak (34 degrees) of the c-th page (0001) of a zinc 
oxide 3 is observed by the diffraction line. 

[0032] The rocking curve measurement result of having made carrying out 
incidence of the X-ray, and having measured it at the include angle of 34 degrees 
of the peak value in an X diffraction is shown in drawing 4 . The measured rocking 
curve shows the stacking tendency of the c-axis of a zinc-oxide thin film, i.e., the 
dispersion condition of the sense that the c-axis is growing, and can consider with 
normal distribution that it is illustrated mostly. Then, the standard deviation (sigma) 
of this rocking curve is measured, and this value estimates quantitatively. 
Therefore, a c-axis stacking tendency is bad, when dispersion in the direction of 
crystal growth is large, the value of sigma becomes large, and the value of sigma 
becomes small when a stacking tendency is conversely good. 
[0033] How to perform sensitivity evaluation to drawing 5 is shown. Impulse 
voltage VP is added to the zinc-oxide thin film 3 formed on sapphire 1 from a 
pulser 56. A sign 57 shows an attenuator and is used for applied-voltage 
adjustment. After the supersonic wave emitted from the zinc-oxide thin film 3 
passes through the interior of the sapphire 1 which is an acoustic lens, it reflects 
at the edge of a zinc-oxide thin film and the opposite side, and is again received by 
the zinc-oxide thin film 3, and it is changed into an electrical signal. After 
amplifying the ultrasonic signal received here with amplifier 58, the signal strength 
VR is measured by the waveform monitor 59. Thus, from the measured signal 
strength, it asks for the sensibility of the zinc-oxide thin film 3 by the following 
relation. 

Sensibility =(VR/VP) x100[0034] The sigma value of the c-axis of a zinc-oxide thin 
film and the relation of sensibility which were measured using the equipment shown 
in drawing 5 are shown in drawing 6 . From drawing 6 , it has a correlation with 
good sigma value and sensibility of a c-axis rocking curve of a zinc oxide thin film, 
and sensibility is good, so that a sigma value is small. The sensibility of the 
piezoelectric device which is actually needed in case the interior of an ingredient is 
measured is about 3%. If there is sensibility of this level, it is possible to detect an 
internal defect etc. The conditions for filling 3% of this indispensable sensibility can 
understand that the c-axis stacking tendency (sigma) of a zinc-oxide thin film 
must be 1 .5 degrees or less from drawing 6 . 

[0035] Moreover, the experimental result which investigated the relation between 
the c-axis stacking tendency of a zinc-oxide thin film and the c-axis stacking 
tendency of Au which is a lower electrode to drawing 7 is shown. Drawing 7 is the 
property Fig. measured with X-ray diffractometer. The c-axis stacking tendency of 
a zinc-oxide thin film and the c-axis stacking tendency of Au which is a lower 
electrode are in a good correlation, and this relation is shown by the degree type. 
sigmaZnO=0.67sigmaAu-0.03[0036] That the conditions of 1.5 degrees or less in 
the c-axis stacking tendency (sigmaZnO) of the zinc-oxide thin film for having 
sensibility required for the internal measurement of analyte from the 
aforementioned relational expression are fulfilled can understand that it is the case 
where the c-axis stacking tendency (sigmaAu) of Au of a lower electrode is 2.2 
degrees or less. 
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[0037] 

[Effect of the Invention] In the piezoelectric device which has the up electrode 
which was formed on the lower electrode formed on the substrate, the zinc-oxide 
thin film formed on this lower electrode layer, and this zinc-oxide thin film 
according to this invention as explained above 2.5 degrees is 0 
degree<sigmaZnO<=1.5 especially, /as a substrate — sapphire — using it — the 
value of the c-axis stacking tendency (sigmaZnO) of a zinc-oxide thin film — 
0degree<sigmaZnO<= — or the value of the c-axis stacking tendency (sigmaAu) of 
the golden (Au) thin film which forms a lower electrode — 0degree<sigmaAu<= — 
especially, the sensibility of an ultrasonic probe can be raised and 4.5 degrees of 
minute internal defects which were not able to be observed conventionally can be 
observed, if it is 0 degree<sigmaAu<=2.2. 

[0038] Furthermore, the performance management of a probe can be performed in 
the middle of a probe manufacture process by performing stacking tendency 
evaluation after membrane formation of Au which is a lower electrode, or 
membrane formation of a zinc oxide thin film. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline sectional view of the focal mold probe for ultrasonic 
nondestructive inspection which consists of a piezoelectric device of this 
invention. 

[Drawing 2] It is the outline block diagram of an example of the RF magnetron 
sputtering system used for forming the zinc-oxide thin film for the piezoelectric 
devices of this invention. 

[Drawing 3] It is the wave form chart of X-ray diffraction analysis of the zinc-oxide 
thin film formed in the example. 

[Drawing 4] It is the property Fig. showing the rocking curve measurement result 
which was made to carry out incidence of the X-ray to a zinc-oxide thin film at a 
diffraction line peak include angle (34 degrees), and was measured. 
[Drawing 5] It is the mimetic diagram showing the equipment configuration for 
measuring the sensibility of a probe. 

[Drawing 6] It is the property Fig. showing the relation betwe.en the c-axis stacking 
tendency (sigmaZnO) of a zinc-oxide thin film, and sensibility. 

[Drawing 7] It is the property Fig. showing the relation between the c-axis stacking 
tendency (sigmaZnO) of a zinc-oxide thin film, and the c-axis stacking tendency 
(sigmaAu) of Au thin film. 

[Drawing 8] It is the outline block diagram showing an example of the 
nondestructive inspection equipment which uses the conventional ultrasonic probe. 

[Drawing 9] It is the typical block diagram showing the crystal structure of a zinc 
oxide, and (a) shows a crystal coordination configuration and (b) shows the typical 
structure of a crystal. 
[Description of Notations] 

1 Sapphire Lens (Substrate) 

2 Lower Electrode 

3 Zinc-Oxide Thin Film 

4 Up Electrode 

5 Crevice 

6 Acoustic Matching Layer 

20 Heater 

21 Chamber 



http://www4.ipdI.ncipi.gojp/cgi-bin/tran^web^cgi_ejJe 



2006/04/10 



JP,09-037392,A [DESCRIPTION OF DRAWINGS] 



2/2 ^— V 



22 Controlled Atmosphere Feeding Tubing 

23 Jet Pipe 

26 ZnO Target 

27 Target Holder 

28 Substrate Holder 

56 Pulser 

57 Attenuator 

58 Amplifier 

59 Waveform Monitor 
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